The essential oil of Matricaria chamomilla, collected from Nepal, was obtained by hydrodistillation and analyzed by gas chromatography -mass spectrometry. The major components in Nepalese chamomile oil were (E)-β-farnesene (42.2%), α-bisabolol oxide A (22.3%), (E,E)-α-farnesene (8.3%), cisbicycloether (5.0%), α-bisabolol oxide B (4.5%), and α-bisabolone oxide A (4.0%). A cluster analysis based on the chemical compositions of 48 samples of chamomile oil reported in the literature has revealed seven chemotypes, and the oil from Nepal represents the (E)-β-farnesene chemotype. The chamomile oil was screened for antimicrobial activity against Bacillus cereus, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, and Aspergillus niger, and toxicity toward MCF-7 breast tumor cells, Artemia salina, Chaoborus plumicornis, Caenorhabditis elegans, and Drosophila melanogaster.
Matricaria chamomilla L. (syn: Matricaria recutita L., Chamomilla recutita (L.) Rauschert, Chamomilla vulgaris Gray, German chamomile) is a plant with wide medicinal values, belonging to the Asteraceae (Compositae). It is an annual herb found in many parts of the world, as an erect, 50-90-cm tall plant with finely divided leaves. The flowers of the plants, which have commercial medicinal value, have hollow conical yellow centers, surrounded by silver white to cream colored florets [1] . The flowers have a strong aromatic smell. Most commonly, chamomile is used as an over-thecounter herbal tea, as well as in ointments, soaps, tinctures, and inhalations. For recent reviews, see [2] . Numerous studies of the plant's essential oils have been carried out in different parts of the world for its various therapeutic uses. The plant has been found to show antimicrobial, anti-inflammatory, antioxidant, antispasmodic, antiviral and sedative activities [1a] . It is also used as a treatment against sore stomach, irritable bowel syndrome and also as sleep aid. Chamomile has shown larvicidal effects against third larval instar of Culex quinquefasciatus, the mosquito vector of Rift valley fever [3] . The biological activity of the plant is due to the various terpenoids, flavonoids, coumarins, and spiroethers found in the plants [1a] . Aside from uncommon instances of allergic reaction, the plant shows no active toxicity to humans and animals [1a] , increasing its medicinal value.
In general, essential oils of M. chamomilla are blue in color due to the presence of chamazulene, but they can slowly oxidize to a green and finally a brown color. Previous studies have found that the major constituents of M. chamomilla essential oil include sesquiterpenoids, (E)-β-farnesene, (E,E)-α-farnesene, α-bisabolol and chamazulene [4] . The farnesenes have been found to have insect attracting activity. Thus, for example, (E)-β-farnesene is an attractant for Chrysonotomyia ruforum, an egg parasitoid wasp of the herbivorous sawfly Diprion pini [5] , while (E,E)-α-farnesene is a major component of Mediterranean fruit fly (Ceratitis capitata) sex pheromone [6] . Chamazulene [7] and α-bisabolol [8], on the other hand, have demonstrated anti-inflammatory activities. Other major chemical constituents of M. chamomilla essential oil from previous studies include guaiazulene [9] , α-bisabolol oxides, and bicycloethers [4] . In this work, we present a gas chromatographic -mass spectral analysis and an assessment of biological activities of the essential oil of M. chamomilla from Nepal.
The chemical composition of the essential oil of the aerial parts of M. chamomilla was determined by GC-MS and the results are summarized in Table 1 . A total of 31 compounds accounting for 100% of total composition were determined. The major compounds include (E)-β-farnesene (42.2%) and α-bisabolol oxide A (22.3%). Other significant constituents were (E,E)-α-farnesene (8.3%), cisbicycloether (5.0%), α-bisabolol oxide B (4.5%), and α-bisabolone oxide A (4.0%).
Farnesenes are C 15 isoprenoids that include a total of six closely related α-and β-isomers. The major component of M. chamomilla essential oil, (E)-β-farnesene, is a common volatile component of many higher plants and is a pheromone in several insect species [10] . For example, (E)-β-farnesene is an alarm pheromone of many species of aphids [11] . This pheromone is released by the aphids as a signal of attack by natural enemies to warn other aphids. (E)-β-Farnesene is also produced by various plants as aphid repellants since aphids exposed to this chemical become agitated and disperse from the host plant [12] . This acyclic olefin is also emitted by several genera of ants and bees as a defensive allomone [10] . α-Farnesene can exist as four stereoisomers of which (E,E)-αfarnesene is the most abundant. α-Bisabolol is a monocyclic sesquiterpene alcohol, isolated first from M. chamomilla, and has a variety of therapeutic activities [13] .
There have been numerous studies on the chemical constituents of M. chamomilla essential oils from different geographical locations. The concentrations of the components may vary due to the differences in geographical attributes, soil pH, harvest time, and other factors. For example, Orav and co-workers have studied 13 samples of M. chamomilla essential oils from different European countries and found that bisabolol oxide A was predominant in samples from Estonia; α-bisabolol was predominant in samples from Moldova, Russia, and the Czech Republic; and α-bisabolol oxide B and chamazulene were predominant in a sample from Armenia [4] . Samples rich in (E)-β-farnesene have been reported from Iran [9, 14] and from Nepal [15] , while an oil sample rich in α-bisabolol oxide B was identified from Iran [16] . Guaiazulene was found to be the main component in an oil from Iran [9] and several samples from Iran have shown α-bisabolol oxide A and chamazulene as the main components [16] .
Previous studies have suggested four different chemotypes of M. chamomilla based on the chemical compositions: Chemotype A (dominated by α-bisabolol oxide A), Chemotype B (dominated by α-bisabolol oxide B), Chemotype C (dominated by α-bisabolol), Chemotype D (combination of α-bisabolol, α-bisabolol oxide A, and α-bisabolol oxide B in nearly equal concentrations) [2c,17]. However, more recent work has indicated a bisabolone oxide A chemotype [4] , a spiroether chemotype [18] , and possibly guiazulene [9] and (E)-β-farnesene [15] chemotypes. In order to put this current work into perspective with respect to the different chemotypes of M. chamomilla, we have carried out a cluster analysis on 30 major components in 48 different essential oil compositions ( Figure 1 ). The cluster analysis reveals five major classes: (1) a class rich in (E)-β-farnesene, (2) a class dominated by bisabolone oxide A [19] , (3) a large group rich in α-bisabolol oxide A, (4) a class dominated by spiroether Z [20] , and (5) a class dominated by α-bisabolol ("Chemotype C", above) [4, 21] . The (E)β-farnesene class can be subdivided into a guazulene chemotype [9] , and a chemotype dominated by (E)-β-farnesene [14] ; the samples from Nepal [15] fall into this chemotype. The large αbisabolol oxide A class can be subdivided into a group with αbisabolol oxide B as the most abundant component ("Chemotype B", above) [16, 20, 22] , and a group with α-bisabolol oxide A as the most abundant component ("Chemotype A, above) [ (Table 2 ). The essential oil showed only modest activity against S. aureus, P. aeruginosa, and C. albicans (MIC = 313 μg/mL).
Owlia and co-workers [9] have screened a guaiazulene/chamazulene-rich M. chamomilla essential oil from Iran for antibacterial activity against several Streptococcus species and these workers reported MIC values ranging from 0.1 μg/mL against S. pyrogenes to 4 μg/mL against S. faecalis. An oil rich in α-bisabolol oxide A showed activity against B. cereus, S. aureus, and Proteus vulgaris using a disk diffusion assay, but MIC values were not determined [23c]. Similarly, Roby and co-workers [23e] screened an oil dominated by α-bisabolol oxide A against bacteria and fungi and found MICs of 10-12.5 μg/mL against E. coli, Salmonella typhi, B. cereus, S. aureus, Aspergillus flavus, and C. albicans. Tolouee and co-workers [21] have reported an αbisabolol-rich M. chamomilla oil to show antifungal activity against Aspergillus niger at concentrations above 125 μg/mL. The oil inhibited hyphal growth as well as conidial production.
The chamomile oil from Nepal was screened for brine shrimp (Artemia salina) lethality, larvicidal activity against glassworm (Chaoborus plumicornis), nematicidal activity against Caenorhabditis elegans, and insecticidal activity against fruit fly (Drosophila melanogaster). The oil was not notably toxic to these organisms. For example, Cinnamomum camphora leaf oil was much more toxic to A. salina (LC 50 = 2.5 μg/mL), C. plumicornis (LC 50 = 62.6 μg/mL), and D. melanogaster (LC 50 = 153 μg/mL) [24] , and Aegle marmelos [25] and Cannabis sativa [26] oils have greater nematicidal activities against C. elegans (LC 50 = 113 and 232 μg/mL, respectively) than chamomile oil. In general, it is difficult to compare toxicity data with those reported in the literature due to different organisms tested, different experimental protocols, and differences in essential oil compositions. Nevertheless, M. chamomilla essential oil was found to be insecticidal against the pulse beetle (Callosobruchus chinensis) [27] , the saw-toothed grain beetle (Oryzaephilus surinamensis, LC 50 , 3 days, = 0.59%) [28] , and the desert locust (Schistocerca gregaria, 3 rd nymphal instar, LD 50 = 1.59 μg/g body weight) [29] . Chamomile oil showed potent acaricidal activity against the red spider mite (Tetranychus urticae, LC 50 = 0.65%) [30] , but was less active against the cattle fever tick (Rhipicephalus annulatus, LC 50 > 8.0%) [31] . Chamomile oil, rich in α-bisabolol oxide A, has shown nematicidal activity against the parasitic nematode Anasakis L 3 with 100% mortality at an essential oil concentration of 125 μg/mL [32] . The compound responsible for the toxicities of chamomile oil is likely to be α-bisabolol [13] , and the diminished toxicity of chamomile oil from Nepal, a (E)-βfarnesene chemotype, may be due to the fact that the oil had no detectable α-bisabolol. The air-dried aerial sample (500 g) was crushed and hydro-distilled using a Clevenger type apparatus for 4 h to give a bluish green essential oil (10 g), which was stored at 4ºC until analysis.
Gas Chromatographic -Mass Spectral Analysis:
The essential oil of M. chamomilla was analyzed by GC-MS using an Agilent 6890 GC, HP-5ms fused silica capillary column, and Agilent 5973 mass selective detector (MSD) as described previously [33] . Identification of the oil components was based on their retention indices (RI), determined by reference to a homologous series of n-alkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [34] and stored on the MS library [NIST database (G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.080)].
Antimicrobial Screening:
M. chamomilla essential oil was screened for in-vitro antibacterial activity against Gram-positive bacteria, Bacillus cereus (ATCC No. 14579) and Staphylococcus aureus (ATCC No. 29213); Gram-negative bacteria, Pseudomonas aeruginosa (ATCC No. 27853) and Escherichia coli (ATCC No. 10798).
Minimum inhibitory concentrations (MICs) were determined using the microbroth dilution technique [35] . Dilutions of the crude extracts were prepared in cation-adjusted Mueller Hinton broth (CAMHB) beginning with 50 µL of 1% w/w solutions of crude extracts in DMSO plus 50 µL CAMHB. The extract solutions were serially diluted (1:1) in CAMHB in 96-well plates. Organisms at a concentration of approximately 1.5  10 8 colonyforming units (CFU)/mL were added to each well. Plates were incubated at 37°C for 24 hours; the final minimum inhibitory concentration (MIC) was determined as the lowest concentration without turbidity. Gentamicin was used as a positive antibiotic control; DMSO was used as a negative control. Antifungal activity was determined as described above using Candida albicans (ATCC No.10231) in yeast-nitrogen base growth medium with approximately 7.5 × 10 7 CFU/mL. Amphotericin B was the positive control.
Antifungal activity against Aspergillus niger (ATCC No. 16888) was determined as above using YM broth inoculated with A. niger hyphal culture diluted to a McFarland turbidity of 1.0. Amphotericin B was the positive control.
Cytotoxicity Screening: Human MCF-7 breast adenocarcinoma cells (ATCC No. HTB-22) [36] were grown in a 3% CO 2 environment at 37°C in RPMI-1640 medium, supplemented with 10% fetal bovine serum, 100,000 units penicillin and 10.0 mg streptomycin per liter of medium, 15mM of Hepes, and buffered with 26.7 mM NaHCO 3 , pH 7.35. Cells were plated into 96-well cell culture plates at 2.5  10 4 cells per well. The volume in each well was 100 μL. After 48 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 1.0 μL of DMSO solution of the essential oil (1% w/w in DMSO), giving a final concentration of 100 μg/mL for each well. Solutions were added to wells in four replicates. Medium controls and DMSO controls (10 μL DMSO/mL) were used. Tingenone [37] was used as a positive control. After the addition of compounds, plates were incubated for 48 h at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent kill rates, the MTT assay for cell viability was carried out [38] . After colorimetric readings were recorded (using a Molecular Devices SpectraMAX Plus microplate reader, 570 nm), average absorbances, standard deviations, and percent kill ratios (%kill cmpd /%kill DMSO ) were calculated.
Brine Shrimp Lethality Assay: The brine shrimp (Artemia salina)
lethality test was carried out using a modification of the procedure by McLaughlin [39] . Artemia salina eggs were hatched in a sea salt solution (Instant Ocean ® , 38 g/L) with an incandescent light bulb as the heat source. After 48 hours, the newly hatched nauplii were counted using a micropipette and transferred to 20-mL vials. Nine vials each containing 10 A. salina nauplii in 10 mL of sea salt solution (same as the hatching solution) were prepared. Three vials were labeled as controls with first one containing no DMSO, another with 10 µL, and the last one with 100 µL DMSO. Three replicate vials contained 10 µL of 1% essential oil solution in DMSO, and the other three were prepared by adding 100 µL of 1% essential oil solution in DMSO. Surviving A. salina were counted after 24 hours.
Larvicidal Activity Assay: The M. chamomilla essential oil was screened for larvicidal activity against glassworm (Chaoborus plumicornis), which were obtained from a local aquarium shop. For the bioassay, 10 mL of sterile water was placed in five 20-mL vials. Into each vial, 10 larvae were transferred using a soft brush. Three vials were labeled as control with the first one containing 10 µL DMSO, the second containing 100 µL DMSO and the third [22] [ Nematicidal Assay: A nematicidal assay using Caenorhabditis elegans was carried out using a modification of the procedure of Park and co-workers [40] . A 1% solution of each essential oil and major component in DMSO was prepared. Dilutions of the sample solution were prepared in sterile water solution beginning with 50 μL of the 1% essential oil solution plus 50 μL sterile water. The sample solution was serially diluted (1:1) with sterile water in a 96well plate. Into each well, 10-30 C. elegans (mixtures of juvenile and adult nematodes, male: female: juvenile ~1:1:2) per 50 μL of sample solution. Sterile water and serially diluted DMSO were used as controls. The dead and living nematodes were counted after 24 h under a microscope. Dead nematodes were identified by their immobility, and straight body, even after transfer to clean water. LC 50 values (Table 2) were determined using the Reed-Muench method [41] .
Hierarchical Cluster Analysis:
A total of 47 M. chamomilla essential oil compositions from the published literature, as well as the composition from this study were treated as operational taxonomic units (OTUs). The percentage composition of 30 major essential oil components (α-bisabolol oxide A, α-bisabolol oxide B, cis-bicycloether (spiroether Z), (E)-β-farnesene, α-bisabolol, bisabolone oxide A, chamazulene, spathulenol, decanoic acid, artemisia ketone, guaiazulene, germacrene D, (E,E)-α-farnesene, βbisabolene, β-bisabolol, trans-bicycloether (spiroether E), (E)nerolidol, bicyclogermacrene, p-cymene, γ-eudesmol, artemisia alcohol, 1,8-cineole, β-caryophyllene, α-muurolene, limonene, γterpinene, γ-muurolene, α-terpineol, δ-cadinene, and α-pinene) was used to determine the chemical relationship between the various M. chamomilla essential oil samples by agglomerative hierarchical cluster (AHC) analysis using the XLSTAT software, version 2014.4.09. Pearson correlation was selected as a measure of similarity, and the unweighted pair-group method with arithmetic average (UPGMA) was used for cluster definition. The resulting dendrogram is shown in Figure 1 .
